We read with interest the recent report by Hendriks et al.
Capacity and Efficiency Testing of New Immunoassay Analyzers
To the Editor:
We read with interest the recent report by Hendriks et al. (1 ) comparing processing capacity and efficiency for five different immunoassay analyzers. As the authors correctly state, the great diversity in laboratory organization and function means that no two laboratories have exactly the same requirements of an immunoassay analyzer. Given this reality, we would like to comment on several aspects of their study.
We believe the study protocol is inconsistent with measuring instrument capacity because it artificially introduces the need to change reagents after only 70 thyroid-stimulating hormone and 12 ferritin tests. This has the effect of artifactually increasing hands-on labor time and reducing throughput for some instruments. To accurately test "capacity", all systems must be fully loaded before initiation of testing.
For further analysis of their data, we abstracted or derived the following equations from their report:
Where P t is the processing time (min); UA t is the unattended time (min); HOL t is the hands-on labor time (min); RPI is the relative productivity index; and RR is reportable results. We reapplied these equations to their data to calculate measures of productivity for representative instruments. As shown in our Table 1 , we obtained roughly equivalent throughputs for the ARCHITECT ® i2000 ® and Immulite 2000 but significantly different throughput for the Centaur. There is insufficient commentary in their report to address this discrepancy. Furthermore, their data suggest lengthy initialization times (Ͼ90 min) for all instruments but the Centaur. However, our testing with the i2000 shows that 25-30 min are required to go from poweroff to "ready-to-run" status. By defi-nition, this should represent the maximum initialization time. Again, there is insufficient detail in their report to account for this large discrepancy. The authors state that RPI can be influenced by many factors (1 ), but they do not explore the implications of this fact on the interpretation of their data. For example, the frequency with which reagent packs will need to be changed is related to both reagent stability and kit size. This has an obvious influence on both throughput and RPI. The authors' statement that "maximum productivity is obtained when . . . the length of unattended time is zero" seems counterintuitive to us. Eq. B above implies that maximum RPI is obtained at maximum unattended time. Put another way, as hands-on labor time decreases, operator efficiency (or RPI) increases. Additionally, as the length of processing time studied decreases, hands-on labor time reflects a larger percentage of total processing time, leading to a decrease in RPI. This point is illustrated in a study of the Centaur by Girgensohn et al. (2 ) , where an assay test mixture similar to that of Hendriks et al. (1 ) gave a RPI of 527. In a study of the i2000 by Monson and Donaldson (3 ) , they report 414 results for a hands-on labor time of ϳ28 min, giving an RPI of ϳ890. We believe these examples show that RPI calculations must be interpreted with caution.
Finally, the variability in RPI calculations is also highlighted when the authors simulate the effect of automated sample handling systems on RPI (1 ) . For this analysis, they deduct sample-handling time but neglect to mention whether processing time and reportable results were corrected for reflex and autodilution testing. This is relevant when using an automated sampling system because specimens would be transported away from the instrument after sampling. In practice, this means that all instruments would then require either (a) operator intervention to locate specimens that required reflex or dilution testing, or (b) the instrument to wait for the automated system to return the samples for testing. In this case, efficiency analysis would favor instruments with larger reagent load-up capacities, greater reagent stability, and efficient waste management capabilities.
In summary, we believe that methodological concerns within the report by Hendriks et al. (1 ) limit the conclusions that can be drawn from their study and that there is insufficient detail within their report to allow independent verification of their results. Finally, because RPI is highly dependent on such a wide variety of factors, we feel its usefulness for comparing the efficiency and productivity of immunoassay analyzers is extremely limited.
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Drs. Hendriks and Verweij respond:
To the Editor: Quinn et al. suggest that the study protocol we used (1 ) is inconsistent with measuring instrument capacity because it artificially introduces the need to change reagents and thereby artifactually increases hands-on labor time and reduces throughput for some instruments. They state that to accurately test capacity, all systems must be fully loaded before initiation of testing. The daily routine situation in The Netherlands differs from this. Because of limited reagent storage capacity on each analyzer, it is impossible to store reserve reagent packs for all tests. Reagent packs, therefore, will run out of contents over time, and with an increasing number of resident tests on the instrument test menu, the frequency of reagent pack changes will increase. To obtain capacity and efficiency data parameters for real routine situations, the study protocol must be a reflection of these situations.
For further analysis of our data, Quinn et al. reapplied abstracted or derived equations from our report and obtained equivalent throughputs for the Architect i2000 and Immulite but significantly different throughput for the Centaur. In addition to the workload study, we evaluated the analytical performance of the analyzers during the same 5-day evaluation period. From this experience, we were able to classify the problems as incidental or frequently occurring. An agreement with the suppliers had been made to perform the workload evaluation once. Only with problems causing total shutdown would the evaluation be performed a second time. We corrected the calculated processing capacity and efficiency parameters for these incidental problems as described in the discussion (1 ) . During the workload study, operational processing on the ACS:Centaur was interrupted once during a total evaluation period of 5 days. The calculated throughput was corrected for this failure by decreasing the processing time with the 44 min that were needed to solve the problem, producing a throughput of 193 results/h. Furthermore, Quinn et al. comment that our data suggest lengthy initialization times (Ͼ90 min) for all instruments except for the Centaur and that their testing with the i2000 shows that 25-30 min are required to go from power-off to "ready-to-run" status. As shown in Fig. 1 and the Results section of our study (1 ) , the time to the first result from starting the analyzers was between 21 and 45 min for all analyzers.
Quinn et al. state that the relative productivity index (RPI) calculations must be interpreted with caution and that their usefulness for comparing the efficiency and productivity of immunoassay analyzers is extremely limited because this parameter is highly dependent on a wide variety of factors. As an example, they mention that the frequency with which reagent packs will need to be changed is related to both reagent stability and kit size and that this has an obvious influence on both throughput and RPI. We would point out that not only are reagent stability and kit size factors that contribute to the frequency of changing packs, but that the reagent storage capacity of an analyzer also is an important factor. The RPI is also dependent on other factors (e.g., possibility of changing reagent during the run, and efficient waste management capabilities). These factors are all instrument characteristics. We ran exactly the same protocol on the five instruments evaluated in the study. This protocol is a reflection of daily routine situations in laboratories in The Netherlands. Therefore, these RPI data make it possible to perform instrument planning in a real laboratory situation.
The statement "maximum productivity is obtained when . . . the length of unattended time is zero" seemed counterintuitive to Quinn et al. The argument that they give for this is that maximum RPI is obtained at maximum unattended time. Maximum RPI is obtained at maximum sum of attended times, as can be derived from our definition of the RPI (UT) in Materials and Methods.
However the length of the unattended time is not equal to the sum of unattended times. The length of the unattended time depends on the laboratory organization. In some laboratories, workers can use short periods of walkaway time to leave the analyzer unattended while they perform other tasks. The maximum labor productivity (maximum RPI) is obtained when all walkaway periods can be used to perform other tasks. Therefore, theoretically even periods of Ͻ1 s are usable to leave the analyzer unattended and perform other tasks.
Finally, Quinn et al. state that the variability in RPI calculations was also highlighted when we simulated the effect of automated sample handling systems on RPI. They state that we neglected to mention whether processing time and reportable results were corrected for reflex and autodilution testing and that this is relevant when using an automated sampling system because specimens would be transported away from the instrument after sampling. This means in practice, according to Quinn et al., that all instruments would require "either (a) operator intervention to locate specimens that required reflex or dilution testing, or (b) the instrument to wait for the automated system to return the samples for testing". They also state that in this case, efficiency analysis would favor instruments with larger reagent storage capacities, greater reagent stability, and efficient waste management capabilities. However, they neglect to mention another possible option in which the instrument does not have to transport the specimen away to perform reflex and autodilution testing: the analyzer has the possibility of holding the samples until all assays, including reflex and autodilution testing, have been performed. In all situations (with or without the automated sampling system, with or without the ability of the analyzer to hold the specimen on board until all tests have been performed), the total number of reportable results are the same, and in all situations, the influence of larger reagent storage capacities, greater re-agent stability, and efficient waste management capabilities on the efficiency analysis is equal.
In conclusion, we evaluated the efficiency and productivity of immunoassay analyzers by application of the same standardized workload protocol. The RPI values, as a result of this evaluation, depend on instrument characteristics and are useful when performing an independent comparison of the efficiency and productivity of immunoassay analyzers. 
Enhanced Time-saving Extraction Procedure for the Analysis of Fecal Fat by Fourier Transform Infrared Spectroscopy
To the Editor: Recently, we presented an improved procedure for the determination of fecal fat by means of Fourier transform infrared spectroscopy (1 ) . This method can be used in laboratories equipped with a mid-infrared spectrometer. With this method, fecal fat was extracted from stool samples with petroleum ether-ethanol. After extraction, the petroleum ether was dried, and the fatty acids were redissolved in chloroform before measurement. Because the extraction procedure in the previously described analytical method (1 ) was still rather time-consuming, we replaced the petroleum ether-ethanol extraction with a single chloroform extraction.
In the new extraction procedure, 1 g of homogenized stool sample was suspended in 2.5 mL of water. After the suspension was mixed, 0.5 mL of 12 mol/L HCl and 2.0 mL of chloroform (gradient grade) were added, and the sample was shaken vigorously for 10 min. At this stage, the samples were either stored at Ϫ20°C or analyzed immediately. The extract was centrifuged for 5 min at 3000g at room temperature, after which the organic layer was transferred to a transmission cell (pathlength, 0.05 mm) with calcium fluoride crystals.
Spectra (n ϭ 111) were scanned in the mid-infrared region from 4000 to 650 cm Ϫ1 with a Perkin-Elmer Spectrum 2000 spectrometer (Perkin-Elmer). Calibration was performed with a mixture of stearic and palmitic acid (65:35, by weight) ranging from 0 to 150 g/kg (1 ) . For both the "old" and the "new" extraction procedures, the spectroscopic band at 2855 cm Ϫ1 (COH symmetric stretch vibration) was used to calculate the amount of fat (g/kg). Passing and Bablok regression was performed for method agreement.
The results obtained by the two methods showed good agreement (r ϭ 0.991; Fig. 1 ). By Passing and Bablok regression, the slope was 1.055 (range, 1.026 -1.088), the intercept was 0.241 (range, 0.181-0.296), and the standard deviation of the residuals (S y͉x ) was 0.365. For the new extraction procedure, the intraand interassay imprecision (as the CVs; n ϭ 10) was 4.0% and 5.0%, respectively, for a stool sample containing 43 g/kg fat. For a sample with 26 g/kg fat, the intra-and interassay CVs were 3.9% and 10%, respectively. Recovery of the stearicpalmitic acid (65:35, by weight) calibrator added to stool was Ͼ95% with the new extraction procedure. The majority of fecal fat is composed mainly of C 16:0 and C 18:0 free fatty acids, which can be extracted easily from the stool with the new extraction method. The reduction in analysis time gained in this way is ϳ2.5 h for a series of 10 stools.
We conclude that the new simplified extraction procedure for fecal fat determination gives comparable results to the old extraction procedure and allows considerable reduction in
